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Models in the regulatory process

Salish Sea Model

Agency partnership

Building and testing

Model review and acceptance process









Models are Used in Decisions

Why?

  

We need a scientific basis for decisions and investments



We need to link discharges/releases to resulting water quality changes



We need to focus on the most important pollution sources



We need to estimate the outcome of different alternatives



We need to anticipate future changes (e.g., pop growth)















Characteristics of a good regulatory model

Model framework includes the important processes and capabilities

Processes/equations of the model framework are well documented 

Incorporates all available input data that might affect predictions

Thorough documentation of model development

Transparency about limitations and uncertainty

Peer review

Public review









Salish Sea Model…Typical or Atypical?

Answer: Both



Typical

Model linking nutrients and DO/pH

Model building process

Model used in Clean Water Act-based decisions



Atypical

Large scale and complexity of Salish Sea (akin to Chesapeake Bay model)

More project team experience and skill

More time and funding

Limitations in resolving small scale impacts























Salish Sea Model



Tarang Khangaonkar, Wenwei Xu, Adi Nugraha, Laki Premathilake

Pacific Northwest National Laboratory (PNNL)

Greg Pelletier, Teizeen Mohamedali, Anise Ahmed, Cristiana Figueroa-Kaminsky, Sheelagh McCarthy, and John Gala

Washington State Department of Ecology 
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Scientific Tool 



   FVCOM + CEQUAL-ICM

    (Hydro)      (WQ)



   

Source:  PNNL







Matching patterns is a test of:



Freshwater input volume

Vertical mixing 

Interbasin mixing



Source:  PNNL







Source:  PNNL











Algae

Nitrate/Nitrite

Dissolved Oxygen

Saratoga Passage, Year 2006, Surface Layer

Patterns are test of: 

Nutrient supply

Nutrient/Biomass/DO linkage

Seasonal variation

Source:  PNNL





Is it good enough to use in decisions?

No fixed numeric guidelines for “acceptable uncertainty”

Judgment call…by the water quality agency
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Time

Uncertainty

Before 1st 

review



After 1st review

After 2nd review

Diminishing

Returns





Getting to Acceptance
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Salish Sea Model

Documentation and Peer Review

17 Project Plans (QAPP), Reports, and Journal Papers



…and counting



Model aspects include:



Boundary data approaches

Circulation

Sediment diagenesis

Carbon and pH

Primary Focus: Nutrients and    Dissolved Oxygen









Scenarios 

What ifs

Multiple model runs with adjusted inputs

Pre-specified 

Isolating sources and testing changes to source loadings

Tend to get more elaborate over time





Models and Policy are refined together

Build the best model you can

Ask scientists and stakeholders for ideas/info to improve it

Start using model results/insights

Model and Policy are refined until final decision







Policy Refinement

Model Refinement

Decision





Questions?
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The Salish Sea Model: 
(a brief overview) 


Hydrodynamics, Biogeochemistry, & Carbonate Chemistry 
 
 


Tarang Khangaonkar, Wen Long, Laura Bianucci, Wenwei Xu, Adi Nugraha 
Pacific Northwest National Laboratory (PNNL) 


Anise Ahmed, Greg Pelletier, Teizeen Mohamedali, Cristiana Figueroa-
Kaminsky 


Washington State Department of Ecology  


Ben Cope 
U.S. EPA  
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Salish Sea Model 
 Hydrodynamic Component  


!   Code - FVCOM  
(Chen et al. 2003) 


!   Expanded Salish Sea Model  
!   The NW Straits  
!   Vancouver Island 
!   Continental shelf 


!   18 Major Rivers and 145 fresh 
water & WWTP point sources 


!   Additional Rivers (Pacific Ocean) 
!   Columbia / Willamette Rivers 
!   Chehalis River 
!   Willapa River 


!   Tidal Constituents 
!   ENPAC 2003 Tidal Constituents 


database (USACE 2004) 
!   Meteorology 


!   UW / WRF Model (12 Km Grid) 







ME (m) MAE (m) RMSE (m) RME (%) 


-0.08	 0.30	 0.36	 8.0%	
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!   Tides 
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Model Calibration – Tides, S, & T 
 Year 2014  


!   Salinity 


!   Temperature 


ME (ppt) RMSE (ppt) R2 


0.34	 1.12	 0.62	


ME (°C) RMSE (°C) R2 


0.39	 0.87	 0.53	







Calibration: Velocity 
 Dana Passage (example) 


!   Currents 


Bottom Velocity
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MAE (m/s) RMSE (m/s) R2 


0.23	 0.28	 0.6	


Tides 
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Surface Currents 


Fraser	River	Eddy	


Juan	De	Fuca	Eddy	







Circulation in the Salish Sea 
 Northwest Straits 


BoAom	Layer	 Surface	Layer	







Circulation in the Salish Sea 
 Puget Sound 


BoAom	Layer	 Surface	Layer	







Circulation in the Salish Sea 
 Puget Sound 
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“CirculaIon	in	Embracing	Sills”			
			-	Ebbesmeyer	et	al.	1984	







Simulation of intertidal circulation  
Salinity Plumes and Fish Migration Pathways 







Two$Algae$Groups$


Lab.DOM$ Ref.DOM$Lab.POM$ Ref.POM$


Nutrients$
(DIC,&NO3,&NH4,&PO4)&


$$$$Sediment$Aerobic$Layer&


$$$$Sediment$Anaerobic$Layer&


Preda2on&and&Algae&Losses&


Nitrifica2on&


Hydrolysis&
Coagula2on&


Mineraliza2on&
Denitrifica2on&


Benthic&flux&


SeGling&Resuspension&
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Benthic&
flux&


AirJsea&


Resuspension&


Photosynthesis&


Mixing&and&
Diffusion&


Burial&


Diffusion&
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Salish Sea Model 
 Biogeochemical Component  


!   Code - FVCOM-ICM  
(Kim and Khangaonkar 2011) 
!   FVCOM (Chen et al. 2003) 
!   CE-QUAL-ICM (Cerco & Cole 


1995) 
!   Biogeochemical cycle 


!   Two species of algae 
!   Nutrients, phytoplankton, 


carbon, DO, …. 19 variables 
!   Benthic fluxes 


!   Sediment diagenesis (Di Toro 
2001) 


!   Boundary loads based on 
DFO monitoring data 


!   Point source loads … 







Open Boundary Condition  
 Fisheries and Oceans Canada(DFO) Data 
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DFO	salinity	profile	measurements	
					by	month	of	2014	


Example	plot	of	the	spa<al	selec<on	of	June	2014	DFO	salinity	
sta<ons	for	genera<ng	open	boundary	condi<ons		







Simulated Surface Constituents (2006) 
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Puget Sound Basin (PSB003)
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Hood Canal Basin (HCB010)
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Saratoga Passage (SAR003)
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SSM carbonate system setup 


!   TA and DIC conditions: 


!   Initial conditions: mean DIC from NOAA dataset 2008-2014              
       (Alin et al., in prep) 


       TA = TA(S) (Fassbender et al., in prep) 


!   Open boundary: TA = TA(S)  and  DIC = DIC(T, O2)                        
       (Ianson et al., in prep)    


!   Rivers: TA, DIC as function of flow (regression based on observations in 
gauged US and Canadian rivers)   


!   Atmospheric pCO2: 400 µatm 
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SSM vs. Observations: Time series 
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Salish Sea Model summary 


!   Hydrodynamic Model of Salish Sea 
! http://salish-sea.pnnl.gov/  
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[Khangaonkar	et	al.	(2011)	–	Estuary	Coast	and	Shelf	
Science]	


! Salish Sea Model (Expanded Domain) 
! Validation of the Circulation in Embracing Sills concepts proposed by 


Ebbesmeyer and Barnes (1980) 
! Nearly	2/3rd	of	surface	ou^low	is	refluxed	back	to	Puget	Sound	near	the	
Admiralty	Inlet	sill	


! Biogeochemical	Model	of	Salish	Sea	
! Nutrients,	phytoplankton	(two	algae	groups)	and	carbon	
! Sediment	diagenesis	
! Carbonate	chemistry	–	alkalinity	and	pH	


		
	


	


	
	


[Khangaonkar	et	al.	(2016)	–	Ocean	Modelling]	


[Khangaonkar	et	al.	(2012)	–	Ocean	Dynamics]	


[Bianucci	et	al.	(2017	submi:ed)		






